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Editor’s Note: We hope you are all doing well during this unprecedented time in our history. This edition of the
LSAH Newsletter looks at the most recent updates to the TREAT Astronauts Act, as well as how to make a behavior-
al telehealth appointment with the JSC Clinic during the COVID-19 pandemic. We dive into the history of LSAH in
the last three decades, and peer into the future of the Artemis program while remembering the great strides taken
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from the Apollo era.

A Message from
the JSC Clinic!

As a reminder, your routine medical evaluation
now includes a dedicated behavioral health session
with our Clinical Neuropsychologist, Dr. Carmen
Pulido. The initial session will take approximately
1.5 hours, and will include a review of your devel-
opmental, occupational, and medical history. In
response to COVID-19 and the current limitations
on travel, we have this service available virtually!
For a behavioral telehealth appointment with Dr.
Pulido, please contact the JSC Flight Medicine
Clinic at 281-483- 7999 during normal business
hours. Making a behavioral telehealth appointment
will not affect your ability to visit the JSC Clinic
for your routine physical and other health appoint-
ments. Please note, we do not currently have multi-
disciplinary telehealth services available with other
Clinic staff. If you already met with Dr. Pulido as
part of your annual visit, you can meet with her
again if desired.

We hope that you and your family are healthy and
safe, and we look forward to hearing from you.

Sincerely,
Ronak V. Shah, DO, MBA, MPH Medical Direc-
tor of Clinical Services

Carmen Pulido, Ph.D., Clinical Neuropsychologist
Mobile 832-284-5125, Carmen.pulido@nasa.gov
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Nov. 15, 2019 - NASA astronaut Andrew Morgan waves as
he is photographed during the first spacewalk to repair the
Alpha Magnetic Spectrometer, a cosmic particle detector on
the International Space Station.

LSAH: Looking Back, Moving Forward
Mary Wear, Ph.D. and Jacqueline Charvat, Ph.D.

The National Aeronautics and Space Act of 1958
established NASA and included a mandate to
monitor the effects of exposure to the space envi-
ronment on astronaut health.' The first NASA as-
tronauts were selected in 1959; as of 2018, NASA
had selected 350 individuals to serve in the Astro-
naut Corps. Members of this group are chosen
based on stringent health, skills, and educational
requirements.” Astronauts face unique occupation-
al exposures; spaceflight poses known and un-
known risks to human health. Health risks for as-
tronauts may have short-term and long-term physi-
cal and psychological consequences. To under-
stand the effects of spaceflight on the long-term
health of the Astronaut Corps, NASA developed
longitudinal research and occupational surveil-
lance programs, including the Longitudinal Study
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LSAH: Looking Back, Moving Forward continued

Astronaut Edwin E. Aldrin Jr., lunar module pilot, stands beside the deployed United States flag during Apollo 11 EVA on the

lunar surface. The Lunar Module "Eagle" is on the left. The footprints of the astronauts are visible in the soil of the moon.

of Astronaut Health and Lifetime Surveillance of
Astronaut Health. Since the 1980’s these programs
have been continuously reevaluated and improved
in several distinct phases to meet higher standards
of efficiency, internal validity, and ultimately, pro-
tection of the Astronaut Corps.

Phase 1

The Longitudinal Study of Astronaut Health, Phase
I, was established to examine the incidence of
acute and chronic morbidity and mortality of astro-
nauts and was conducted during the 1980s. Phase |
described the health risks associated with astronaut
occupational exposures, and compared them to the
risks for a group of civil service employees of
Johnson Space Center (JSC). The comparison
group was individually matched to the first 178
astronauts at a 5:1 ratio. The matching criteria in-
cluded sex, age, body mass index (BMI), smoking
habits, length of service at JSC, and exercise habits
(if this information was available).’

In 1989, NASA enlisted an external panel of epide-

miologists and statisticians to evaluate Phase I.
The panel identified a number of limitations in-
cluding a biased selection of comparisons and une-
ven data collection between the two groups. The
panel recommended that the study design be
strengthened to mitigate these limitations and the
first ?hase of the longitudinal study ended in
1991.

Phase 11

NASA began Phase II of the longitudinal research
study in 1992. Phase II included a 3:1 ratio of JSC
civil service employees to serve as a comparison
population to astronauts. The JSC civil service
comparison population was considered a healthy
worker cohort that was matched by selection year,
age, sex, and BMI. The retrospective match was
performed for the entire astronaut population, in-
cluding deceased and retired astronauts. A detailed
description of the retrospective matching process
is provided elsewhere.” From 1992 to 2000, a pro-
spective match of comparison subjects to astro-
nauts was made as each astronaut selection class
was announced.
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The Phase II study had a number of strengths. The
data collected were unique among longitudinal
studies, collecting a substantial volume of medical
data based on standardized testing at regular inter-
vals over a period of up to 50 years. This database
was used to populate the JSC Electronic Medical
Record when it was first implemented in 1999. Re-
tired astronauts returned for annual follow-up ex-
aminations at a rate of 65-70% while the compari-
son subjects had a 62-65% return rate. The Phase 11
study generated an annual cancer incidence report
and a number of other internal reports and analyses
to inform NASA’s space medicine program. Phase
II study results also informed internal NASA poli-
cy and decision making, and supported several oth-
er contributions to the greater science community.°

It is difficult to design a perfect case-control study
and the Phase II study had some challenges. The
most critical challenge was that the limited match-
ing criteria resulted in significant differences be-
tween the astronaut and comparison populations.
Differences between the populations include dis-
similar health status at selection. For instance, the
members of the comparison population were not
excluded based on pre-existing medical conditions
such as diabetes, whereas rigorous medical screen-
ing performed during astronaut selection would
have excluded astronauts with these conditions. In
addition, different exam intervals between groups
(bi-annually for the comparison population; annu-
ally for astronauts), and differences in laboratory
testing performed (astronauts received a wider bat-
tery of tests on a more frequent schedule) created
disparities in the population data.

Noting the challenges in Phase II, NASA sought
external advice and commissioned the Institute of
Medicine (IOM) to consider approaches to space
medicine in preparation for long duration space
travel and to evaluate the Phase II program. The
IOM panels issued two reports, “Committee on
Creating a Vision for Space Medicine During
Travel Beyond Earth Orbit”’, and “A Review of
NASA’s Longitudinal Study of Astronaut Health’™*

Continued from page 2

The IOM panels recommended that NASA estab-
lish an occupational surveillance program and pro-
vide long-term healthcare. The IOM cited other
government-sponsored occupational surveillance
programs such as the Department of Energy, Veter-
an’s Administration, and Department of Defense as
models to follow. The Phase II research study offi-
cially ended in May 2010.

The Lifetime Surveillance of Astronaut Health
(LSAH) Occupational Health Program

In accordance with the IOM recommendations,
NASA transitioned the Longitudinal Study of As-
tronaut Health into an occupational health pro-
gram, the Lifetime Surveillance of Astronaut
Health (LSAH). This program treats the Astronaut
Corps as a worker population with unique occupa-
tional exposures. The JSC Flight Medicine Clinic
collects the medical data and LSAH conducts anal-
ysis of the data. Given the small number of astro-
nauts who have flown in space, every possible
piece of data is necessary to understand the unique
health implications of spaceflight on the human
body. However over 70% of health data is in narra-
tive text format, making preparation and analysis
of these data labor intensive. In 2019, LSAH epide-
miologists began using clinical text extraction
(CTE) software to reduce the time to process and
extract critical information from text data. These
data help medical staff, epidemiologists and re-
searchers better understand the association between
medical events, medication use, symptoms report-
ed, and the association to spaceflight.

TREAT Astronauts Act

On March 21, 2017, President Trump signed the
National Aeronautics and Space Administration
Transition Authorization Act of 2017° with biparti-
san support. Included was a new initiative: To Re-
search, Evaluate, Assess, and Treat (TREAT) As-
tronauts Act. The TREAT Astronauts Act, some-
times referred to as simply TREAT, significantly
expands NASA's authority. For NASA astronauts
and payload specialists who have spaceflight expe-
rience, NASA will provide monitoring, diagnosis
and treatment for spaceflight-associated conditions.
NASA will, as a secondary payer, cover any medi-
cal costs associated with the monitoring, diagnosis
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LSAH: Looking Back, Moving Forward continued

1980°s - 1991

PHASE | PHASE 2

~
LONGITUDINAL STUDY OF ASTRONAUT HEALTH

and treatment of a spaceflight-associated condi-
tion. This includes deductibles, coinsurance, co-
payments, and similar charges, but excludes insur-
ance premiums. Former U.S. astronauts and pay-
load specialists who believe they have a space-
flight-associated condition must first seek treat-
ment from the Department of Defense Military
Health System, the Department of Labor Office of
Workers’ Compensation Programs Division of
Federal Employees’ Compensation, or through
third party payers, as applicable. The JSC Flight
Medicine Clinic will assist former U.S. Govern-
ment astronauts and payload specialists with these
processes as well as filing a claim with NASA.

On March 18, 2020, an interim final rule, 14 CFR
1241, was published in the Federal Register, 85 FR
15352-15359. This rule describes how the TREAT
program will be implemented. A TREAT Astro-
nauts Act Board (TAAB) has been established
with two purposes: 1) Determine the association
between occupational medical and psychological
conditions and training for or exposure to the
spaceflight environment, and 2) Determine the as-
sociation between select occupational medical and
psychological conditions and astronaut population
training or exposure to the spaceflight environ-
ment. Based on these determinations, an Index of
Medical Conditions Related to Spaceflight will be
created. The TAAB also has two responsibilities:
1) Determine if a medical claim meets the criteria
to be designated as a spaceflight-associated condi-
tion, based on clinical and exposure history, bio-
logical plausibility, and reasoned medical opinion

1991 - 2010

2017 TREAT Act
Signed
2008 to 2020 TREAT Act
- Present Implemented
- TREAT »
LIFETIME SURVEILLANCE ~
OF ASTRONAUT HEALTH THE TREAT
ASTRONAUTS ACT

by a panel of aerospace physicians, and 2) Identify
latent medical and psychological conditions asso-
ciated with hazards of the astronaut occupation at
a population level. The TAAB may also recom-
mend that additional monitoring is necessary,
based on each individual’s exposure history and
medical needs. A provision has been added specif-
ically for NASA to also request autopsies, as part
of monitoring, as they may contribute substantially
to the knowledge of spaceflight physiology or pa-
thology. For more information about TREAT, see
the Human Health & Performance Directorate
TREAT  Astronauts Act website:  https://
www.nasa.gov/hhp/treat-act, and the Interim rule
posted in the Federal Register on March 18, 2020:
https://www.govinfo.gov/content/pkg/FR-2020-03
-18/pdf/2020-04784.pdf.

NASA has long supported the health and well-
being of the Astronaut Corps. The Longitudinal
Study of Astronaut Health research study provided
a core characterization of the Astronaut Corps.
The current Lifetime Surveillance of Astronaut
Health occupational surveillance program contin-
ues to increase our understanding of the health ef-
fects of spaceflight. TREAT provides additional
monitoring, diagnosis and treatment of spaceflight
-associated conditions.
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March 18, 2019 - NASA astronaut Anne McClain assists fel-
low NASA astronauts Christina Koch (left) and Nick Hague

as they verify their U.S. spacesuits fit properly ahead of a
spacewalk.

S
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May 18, 2009 - Astronaut John Grunsfeld, STS-125 mission
specialist, positioned on a foot restraint on the end of Atlan-
tis’ remote manipulator system, and astronaut Andrew Feus-
tel (top center), mission specialist, participate in the mis-
sion’s fifth and final session of extravehicular activity as
work continues to refurbish and upgrade the Hubble Space
Telescope.

Do you have a suggestion for a
newsletter article, or news and
photos you would like to share?
We’d love to hear about it!
Send suggestions, comments, or
questions to
alexandra.l.newport@nasa.gov.
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Apollo to Artemis: Mining 50-Year-Old Records to Inform Future Human Lunar
Landing Systems

Devan Petersen, Jacqueline Charvat, Jeffrey Somers, James Pattarini, Michael Brian Stenger, Mary Van
Baalen, SM.C. Lee

A futuristic rendering created by NASA depicts an Artemis mission and crew landing on the surface of the moon or Mars.

As NASA prepares to send the first woman and
next man to the lunar surface in 2024, we are turn-
ing to the lessons learned during the first missions
to the Moon over fifty years ago. Most of the med-
ical information available from the Apollo mis-

sions is stored in paper records archived at the
Johnson Space Center in NASA’s Early Program
Medical Records Inventory. Epidemiologists from
the Lifetime Surveillance of Astronaut Health re-
viewed more than 5,000 pages of these records,
mining astronauts’ medical records, results from
stand and lower body negative pressure tests, re-
ports from the biomedical engineers and flight sur-
geons, and medical debrief transcripts to under-
stand what today’s astronauts should expect when
they return to the Lunar surface.

In particular, NASA is trying to understand how
best to design the landing systems for Lunar mis-
sions. Similar to the Apollo program, the Artemis
landers will have limited mass and volume, which
may mean that astronauts are standing during the
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Apollo to Artemis continued

lunar descent. If, like the Apollo astronauts, Arte-
mis’s astronauts are standing for lunar descent and
ascent, they will experience +Gz (head-to-foot)
accelerations during capsule accelerations. We
don’t yet know how crew that have been living in
microgravity for longer than a day or two will re-
spond to this type of acceleration.

The data in the Early Program Medical Records
Inventory provides unique insight into the experi-
ence of the Apollo astronauts during the six mis-
sions that landed on the moon. The records contain
limited but valuable data on cardiovascular and
other symptoms that may provide insights to the
physiological stress associated with this human
landing system design.

Onboard the lunar modules, there was only one set
of electrocardiogram sensors available for the
transmission of biomedical data. Only the heart
rates of the Commanders were recorded, and no
blood pressure data were obtained. Few detailed
notes remain regarding the condition of the crew.
Despite challenges with retrieving the limited data,
the data mined from the results of this effort pro-
vided a unique source of information to inform de-
sign choices for Artemis. It also serves as a re-
minder of the importance of collecting and archiv-
ing human health data. Continued efforts to extract
data from historical sources may help the agency in
assessing risks associated with future endeavors.
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Figure 1.

Average heart rate response from Apollo Commanders from
powered descent initiation (PDI) to touchdown (TD) on the
lunar surface.
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July 16, 1969 - The 363-feet tall Apollo 11 space vehicle was
launched from KSC. Onboard Apollo 11 are astronauts Neil
A. Armstrong, commander; Michael Collins, command mod-
ule pilot; and Edwin E. Aldrin Jr., lunar module pilot.
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Figure 2.

Average heart rate response from Apollo Commanders
before and during ascent from the lunar surface to lunar
module engine (LME) cutoff-
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Publications Corner (2019-Present)

Attached are publications related to LSAH data requests and other papers that may be of interest. For your convenience, each
publication has a link to take you directly to the abstract or publication online. For papers not available via open source, the
corresponding author may be able to provide you with a copy.

2019
An overview of spaceflight-associated neuro-
ocular syndrome (SANS). Mader TH, Gibson
CR, Miller NR, Subramanian PS, Patel NB, Lee
AG. Neurol India. 2019;67(Supplement):S206—
S211; https://
pubmed.ncbi.nlm.nih.gov/31134911/

Assessment of Jugular Venous Blood Flow Stasis
and Thrombosis During Spaceflight. Marshall-
Goebel K, Laurie SS, Alferova IV, et al.
[Published correction appears in JAMA Netw
Open. 2020 Jan 3;3(1):e1920195]. JAMA Netw
Open. 2019;2(11):e1915011. Published 2019
Nov 1; https://jamanetwork.com/journals/
jamanetworkopen/fullarticle/2755307

Brain Upward Shift and Spaceflight-Associated
Neuro-Ocular Syndrome. Mader TH, Gibson CR,
Lee AG. JAMA Ophthalmol. 2019;137(5):586;
https://jamanetwork.com/journals/
jamaophthalmology/article-abstract/2728255

Effects of Long-Duration Spaceflight on Vertebral
Strength and Risk of Spine Fracture. Burkhart K,
Allaire B, Anderson DE, Lee D, Keaveny TM,
Bouxsein ML. J Bone Miner Res. 2020;35
(2):269-276; https://
pubmed.ncbi.nlm.nih.gov/31670861/

Exercise Countermeasures to Neuromuscular De-
conditioning in Spaceflight. English KL, Bloom-
berg JJ, Mulavara AP, Ploutz-Snyder LL. Compr
Physiol. 2019;10(1):171-196. Published 2019
Dec 18; https://onlinelibrary.wiley.com/doi/
abs/10.1002/cphy.c190005

Focus on the Optic Nerve Head in Spaceflight-
Associated Neuro-ocular Syndrome. Stenger
MB, Laurie SS, Sadda SR, Sadun AA, Macias
BR, Huang AS. Ophthalmology. 2019;126
(12):1604—-1606; https://www.aaojournal.org/
article/S0161-6420(19)32055-X/abstract

Hip load capacity cut-points for Astronaut Skeletal
Health NASA Finite Element Strength Task
Group Recommendations. Michalski AS, Amin
S, Cheung AM, et al. NPJ Microgravity.
2019;5:6. Published 2019 Mar 14; https://
www.nature.com/articles/s41526-019-0066-3

Longitudinal Analysis of Quantitative Brain MRI
in Astronauts Following Microgravity Exposure.
Riascos RF, Kamali A, Hakimelahi R, et al. J
Neuroimaging. 2019;29(3):323-330; https://
onlinelibrary.wiley.com/doi/abs/10.1111/
jon.12609

Lumbopelvic Muscle Changes Following Long-
Duration Spaceflight. McNamara KP, Greene
KA, Moore AM, Lenchik L, Weaver AA. Front
Physiol. 2019;10:627. Published 2019 May 21;
https://www.frontiersin.org/articles/10.3389/
fphys.2019.00627/full

Optic Disc Edema and Choroidal Engorgement in
Astronauts During Spaceflight and Individuals
Exposed to Bed Rest. Laurie SS, Lee SMC,
Macias BR, et al. JAMA Ophthalmol. 2019;138
(2):165—172; https://jamanetwork.com/journals/
jamaophthalmology/article-abstract/2757597

Prolonged Microgravity Affects Human Brain
Structure and Function. Roberts DR, Asemani D,
Nietert PJ, et al. AJNR Am J Neuroradiol.
2019;40(11):1878—1885; http://www.ajnr.org/
content/early/2019/10/17/ajnr. A6249.abstract

Shoulder consultations and surgery incidence rates
in NASA astronauts and a cohort population of
working individuals. Laughlin MS, Murray JD,
Wear ML, Tarver WJ, Edwards TB, Elkousy HA,
Van Baalen M. Acta Astronaut. 2019;164:45-50;
https://www.sciencedirect.com/science/article/
pii/S0094576518321180

Spaceflight-Associated Brain White Matter Micro-
structural Changes and Intracranial Fluid Redis-
tribution. Lee JK, Koppelmans V, Riascos RF, et
al. JAMA Neurol. 2019;76(4):412—419; https://
jamanetwork.com/journals/jamaneurology/
fullarticle/2722895

Studies of Hydrocephalus Associated With Long-
term Spaceflight May Provide New Insights Into
Cerebrospinal Fluid Flow Dynamics Here on
Earth. Roberts DR, Petersen LG. JAMA Neurol.
2019;76(4):391-392; https://
pubmed.ncbi.nlm.nih.gov/30673794/
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Supplying a pharmacy for NASA exploration
spaceflight: challenges and current understand-
ing. Blue RS, Bayuse TM, Daniels VR, et
al. NPJ Microgravity. 2019;5:14. Published 2019
Jun 13; https://www.nature.com/articles/s41526-

In Reply: Brain Physiological Response and Adapta-
tion During Spaceflight. Bershad EM, Marshall-
Goebel K, Damani R. Neurosurgery. 2020;86
(2):E250—-E251; https://academic.oup.com/
neurosurgery/article/86/2/E250/5650835

019-0075-2

The NASA Twins Study: A multidimensional anal-
ysis of a year-long human spaceflight. Garrett-
Bakelman FE, Darshi M, Green SJ, et
al. Science. 2019;364(6436):eaau8650; https://
science.sciencemag.org/content/364/6436/
eaau8650

Use of Quantitative Computed Tomography to As-
sess for Clinically-relevant Skeletal Effects of
Prolonged Spaceflight on Astronaut Hips
[published online ahead of print, 2019 Aug 26].
Sibonga JD, Spector ER, Keyak JH, Zwart SR,
Smith SM, Lang TF. J Clin Densitom.
2019;S1094-6950(19)30121-0; https://
www.sciencedirect.com/science/article/abs/pii/
S1094695019301210

The second edition of Principles of Clinical Medi-
cine for Space Flight (New York: Springer,
2019. 939 p.) has recently been published. Edited
by Michael Barratt, Ellen Baker, and the late
Sam Pool, the 30 chapters in this edition incorpo-
rate knowledge learned through continuous hu-
man presence aboard the International Space Sta-
tion since the first edition was published in 2008.
The book is available at: https://
link.springer.com/book/10.1007/978-1-4939-
9889-0

2020

Acute effects of posture on intraocular pressure.
Nelson ES, Myers JG Jr, Lewandowski BE, Ethi-
er CR, Samuels BC. PLoS One. 2020;15
(2):0226915. Published 2020 Feb 6; https://
journals.plos.org/plosone/article?1d=10.1371/
journal.pone.0226915

Exercise as a countermeasure for latent viral reacti-
vation during long duration space flight. Agha
NH, Mehta SK, Rooney BV, et al. FASEB J.
2020;34(2):2869-2881; https://
faseb.onlinelibrary.wiley.com/doi/full/10.1096/
11.201902327R

Letter: Brain Physiological Response and Adapta-
tion During Spaceflight. Neurosurgery. Mader TH,
Gibson CR, Miller NR, et al. 2020;86(2):E247—
E249; https://academic.oup.com/neurosurgery/
article/86/2/E247/5650843

Negative Effects of Long-duration Spaceflight on
Paraspinal Muscle Morphology. Burkhart K, Al-
laire B, Bouxsein ML. Spine (Phila Pa 1976).
2019;44(12):879-886; https://
pubmed.ncbi.nlm.nih.gov/30624302/

Optic Nerve Tortuosity on Earth and in Space. Scott
RA, Tarver WJ, Brunstetter TJ, Urquieta
E. Aerosp Med Hum Perform. 2020;91(2):91-97;
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News and Notes

Recent News: Class of 2020 NASA Astronauts Graduate with Eye on Artemis Missions

Cheryl Warner and Megan Sumner
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A new class of astronauts graduated on Jan. 10, 2020. They joined the active astronaut corps, beginning careers in exploration

that may take them to the International Space Station, on missions to the Moon under the Artemis program, or someday, Mars.

NASA welcomed 11 new astronauts to its ranks
January 10, 2020, along with the two new CSA
astronauts. The new astronauts successfully
completed more than two years of required basic
training and are the first to graduate since the
agency announced its Artemis program. “These
individuals represent the best of America, and
what an incredible time for them to join our
astronaut corps,” said NASA Administrator Jim
Bridenstine at the agency’s Johnson Space Center
in Houston, where the graduation ceremony took
place. “2020 will mark the return of launching
American astronauts on American rockets from
American soil, and will be an important year of
progress for our Artemis program and missions to
the Moon and beyond.” During the ceremony,

each new astronaut received a silver pin, a tradition
dating back to the Mercury 7 astronauts, who were
selected in 1959. They will receive a gold pin once
they complete their first spaceflights. This was the
first public graduation ceremony for astronauts the
agency has ever hosted, and Sens. John Cornyn and
Ted Cruz of Texas were among the speakers at the
event. A huge congratulations to NASA
graduates Kayla Barron, Zena Cardman, Raja
Chari, Matthew Dominick, Bob Hines, Warren
Hoburg, Johnny Kim, Jasmin Moghbeli, Loral
O'Hara, Frank Rubio and Jessica Watkins, as well
as CSA graduates Joshua Kutryk and Jennifer Sidey
-Gibbons. Find their official astronaut biographies
here.
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Did you move? New Email address? Remember to update us so we can continue to send you the LSAH
Newsletter, LSAH Invitational physical exam letters and any other news we may need to share with
you. Contact Denise Patterson at 281-244-5195 or denise.a.patterson@nasa.gov.
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